Abstract-The composition and diversity of soil macroarthropod communities in six types of land cover were studied during 2008 and 2009 in Horqin Sand Land, Inner Mongolia, to understand effects of land cover changes on soil macro-arthropod. The results showed that species richness, diversity and population density of the soil arthropods were the highest in the natural grasslands, followed by the fixed sand-lands and the plantations. Although the richness, diversity and population density were lower in the dry and irrigated farmlands, they were significantly higher than those in the moving sand dunes. Anthicidae were numerically dominant in natural grasslands, fixed sand dunes, plantations and irrigated farmlands, while Tenebrionidae were most common in the dry farmlands. There were no significantly dominant species in the moving sand dunes. The proportion of herbivore and omnivores was higher in fixed sand dunes compared with moving sand dunes, and likewise, the proportions of predators and omnivores were higher in irrigated farmlands compared with dry farmlands. In addition, the proportion of predators and omnivores were lower in plantations compared with fixed sand dunes or natural grasslands. The abundance and diversity of soil arthropods was most closely correlated with soil temperature, soil organic matter and total P content.  Index Terms-soil macro-arthropod, population density, species richness, diversity, land cover
I. INTRODUCTION
The soil supports a wide diversity of macro-arthropods. They are sensitive to changes of soil environments because soil arthropods reside within soil throughout the year [1] . Land cover change had greater effects on soil arthropod communities because there are huge differences in soil environments among different land covers. Changes in the soil arthropod community induced by land cover change is important for understanding the effects of human economic activities on earth surface bioprocesses [2] Manuscript received March 7, 2013 ; revised May 13, 2013.
As one of the hot spots in global change study, there is a lot of literature on the effects of land cover changes on the soil arthropod community in recent 10 years [3] . These studies have confirmed that changes in land cover have evident effects on the component and structure of the soil arthropod community [4] , and species richness, diversity and population density in the soil arthropod community have a close relationship with types of land cover as well as their properties in soil environments [1] . However, these studies focus mainly on oasis, farmland, forest and grassland ecosystems in China; few studies have been reported on the effects of land cover changes on the soil macro-arthropod community in a sand land ecosystem.
Horqin Sand Land, located in north-eastern China, is one of the most seriously desertified areas in China, in which the desertified land accounted for 57.8% of the total land area in the middle period of the 1980's [5] . To rehabilitate desertified lands and improve regional ecoenvironments, some successful measures (e.g. placing sand arresters, planting indigenous trees, shrubs and grasses adaptive to sandy land, and fencing grassland) have been implemented in parts of the Horqin Sand Land since the mid 1970s, which have resulted in obvious changes of land cover and the restoration of desertified land [6] . Previous studies focused mainly on the effects of land cover changes on desertification process and vegetation restoration, but there are few published studies on the effects of land cover changes on the soil macroarthropod community in this region. The objectives of this paper are: 1) to compare differences of species richness, diversity and population density of soil macroarthropod community among different land covers; and 2) analysis of the effects of land cover changes on the composition and function structure and its reasons.
II. MATERIALS AND METHODS

A. Study Area
The study area is located in Naiman County (42  o 15' N,  120 o 42' E, 345 m a.s.l.) in the eastern part of Inner Mongolia, China. Naiman is located in the hinterland of the Horqin Sand Land. Mean annual precipitation is 364mm, mean annual potential evaporation is 1920 mm, and mean annual temperature is 6.3 o C. The annual frostfree period is approximately 141 days. The average annual wind speed is 3.4-4.5 m s -1 . The landscape in this region is characterized by dunes alternating with lowland areas. The soils are identified as degraded sandy Chestnut soils according to the Chinese soil classification system, which are mostly equivalent to the Orthi-Sandic Entisol of sand origin in terms of the FAO-UNESCO system [5] .
B. Study Approach and Experimental Design
The study was conducted during early May, July and September, in 2008 and 2009. The field sampling sites are located near Yaoledianzi village, Naiman. 6 types of land covers were selected including moving sand dunes (MSD), fixed sand dunes (FSD), natural grassland (NGL), plantations (PLS), dry farmlands (DFL) and irrigation farmlands (IFL). In each type of land cover, three sites were set with similar topography and soil properties. In each site, three replicate 30m×30m plots were set and 5 quadrats (25cm× 25cm×30cm depth) were excavated in each plot. In each quadrat, all organisms were recovered by hand sorting, and macro-arthropods (2mm-20mm, visible to the naked eye) were preserved in 75% alcohol in the field and brought back to the laboratory for identification [7] . Soil temperature was measured by portable thermometer with conductivity wires. Soil samples were collected at 0-30cm depth of each quadrat for soil physic-chemical analysis [8] . Soil particle size distribution was determined by the pipette method in a sedimentation cylinder, using Na-hexamethaphosphate as the dispersing agent. Soil pH and electrolytic conductivity were determined with a combination pH electrode in 1:1 soil-water slurry and 1:5 soil-water aqueous extract, respectively. Soil organic matter was measured by the K 2 Cr 2 O 7 -H 2 SO 4 oxidation method, total N was measured by the Kjeldahl procedure and total P was analyzed by a Spectrophotometer, after H 2 SO 4 -HCIO 4 digestion. Soil available N and P was determined by the alkalisable diffusion method and the Bray method, respectively.
C. Data Analysis
All data were analyzed using the SPSS program for Windows Version 11.5. Multiple-comparison and oneway analysis of variance (ANOVA) procedures were used to compare the differences among the treatments. Least significant difference (LSD) tests were performed to determine significant differences among treatment means at P <0.05. Pearson correlation coefficients were used to evaluate relationships between the corresponding variables. Some community indices such as the Shannon index (H), the Pielou evenness index (E), the Simpson dominant index (D) and the Sørensen similarity index (QS) were calculated [9] .
III. RESULTS AND ANALYSIS
A. Composition of Soil Arthropod Community
In total, 7200 specimens of soil macro-arthropods were collected in six types of land cover, which belonged to 12 orders and 44 families (Table I) . Homoptera, Araneida, Hemiptera, Lepidoptera and Hymenoptera, accounted for 29.5%, 20.5%, 15.9%, 9.1% and 6.8%, respectively. Common families were Araneidae, Thomisidae, Lycosidae, Carabidae, Staphilinidae, Elateridae, Tenebrionidae, Melolonthidae and Anthicidae, which totaled 61.7% of the total population number. The dominant families were Anthicidae, Tenebrionidae and Melolonthidae, which accounted for 23.9%, 9.4% and 8.8% of the total population number, respectively. Rare arthropods were found for 11 families, including Erythraeidae, Myrmeleontidae, Gryllotalpidae, Anthocoridae, Rhophalidae, Reduviidae, Chrysomelidae, Meloidae, Therevidae, P1utellidae and Apoidea, which totaled 3.7% of the total population number.
The soil macro-arthropod community consisted of 8, 18, 35, 16, 12 and 15 families in the MSD, FSD, NGL, PLS, DFL, and IFL, respectively. The dominant and subdominant families were Anthicidae and Tenebrionidae in the FSD, Anthicidae, Staphilinidae and Melolonthidae in the NGL, Anthicidae and Melolonthidae in the NGL, Tenebrionidae and Elateridae in the DFL, and Anthicidae, Linyphiidae and Pselaphidae in the IFL, respectively. There was no obvious dominant family in the MSD. There were more endemic families in the NGS and PLS, and no endemic groups in the MSD and DFL.
B. Species Richness, Diversity and Density of Soil
Macro-Arthropod Community In 6 types of land covers, population species richness, Shannon diversity or population density of soil macroarthropod community were the greatest in the NGL and lowest in the MSD (Table II) , with levels of 4.4-, 1.4-and 9.4-times of those in the latter, respectively. The richness, diversity and population density were higher in the FSD and PLS, which were 2.3-, 1.2-and 5.0-times and 2.0-, 1.2-and 3.8-times the MSD, respectively. Although the richness and population density of soil arthropods in the IFL approximated to those in the PLS, the diversity was lower in the former than in the latter. Although the richness and population density was lower in the DFL, they were significantly higher compared to the MSD. Changes of the evenness and dominance index were positioned to the richness, diversity and density. The order of evenness index was the MSD ＞ the DFL ＞ the FSD ＞ the IFL ＞ the PLS ＞the NGL, and the order of dominance index was the IFL ＞ the MSD ＞ the PLS ＞ the FSD ＞ the DFL ＞ the NGL.
C. Nutrient Function Group Structure of Soil MacroArthropod Community
The nutrient function group structure of the soil macroarthropod community had significant differences among the different land covers (Table III) . The soil arthropod community had 5 types of nutrient function groups in the NGL, DFL and IFL, including predators, herbivores, omnivores, scavengers and parasites. The soil arthropod community had only 3 types of function groups in the MSD, FSD and PLS, including predators, herbivores and omnivores. Viewed from the density structure of function groups, the proportion of omnivores in the community was the highest in the FSD, PLS and IFL, which amounted to 43.2%, 36.4% and 51.9% of each total density respectively. The proportion of predator density in the community was the highest in the MSD and NGL, which accounted for 50.0% and 38.8% of each total density, respectively. The proportion of herbivores in the community was the highest in the DFL, which occupied 54.5% of the total density. 
D. Similarity of Soil Arthropod Communities Among
Different Land Use/Covers In 6 types of land covers, the similarity of soil arthropod community was the highest among the NGL, PLS and FSD, with 17, 12 and 18 common arthropod families (Table I ) and similarity coefficients of 0.642, 0.705 and 0.706 (Table IV) among them, respectively. The community similarity was higher between the NGL and the IFL, and among the DFL and the IFL and the PLS, with 14, 7 and 7 common families and similarity coefficients of 0.560, 0.519 and 0.500 among them, respectively. The community similarity was the lowest between the MSD and the FSD, and the NGL and the IFL, which the similarity coefficients were less than 0.300 between them. The community similarity was lower between the MSD and the PLS and the DFL, and between the DFL and the FSD and the NGL, with similarity coefficients of less than 4.00. 
E. Analysis of Correlation among Soil Arthropod Community Properties and Soil Factors
The results of the correlation analysis showed that species richness and population density had a significant positive correlation with soil organic carbon and total P (P ＜ 0.05), and the population density showed a significant negative correlation with soil temperature (Table V) . Shannon diversity showed a significant positive correlation with soil total P. The evenness index had a significant positive correlation with sand contents and a significant negative correlation with clay+silt and soil organic carbon. All correlation coefficients between the dominance index and soil factors were not significant (P＞0.05). 
IV. DISCUSSION AND CONCLUSION
A. Comparing the Soil Arthropod Community in Different Land Use/Covers
The results of the present study showed that the diversity and structure of the soil macro-arthropod community had significant differences among different land uses/covers in Horqin Sand Land. The species richness, diversity and population density were the highest in natural grasslands with better vegetation coverage, with similar density ratios among predators, herbivores and omnivores in the community; the second in fixed sand lands and plantations with better vegetation coverage and management, also with similar density ratios among predators, herbivores and omnivores; and the lowest was in moving sand dunes without vegetation, with a higher density ratio for predators. Species richness, diversity and population density were lower in dry farmlands than those in irrigation farmlands, with higher density ratios for herbivores in the dry farmlands and for omnivores in the irrigation. Viewed from the similarity, the community had the highest similarity among natural grasslands, fixed sand lands and plantations, with a similarity index of ≥0.600; and the lowest similarity was among moving sand lands and other land covers, with a similarity index of ≤0.400. The community similarity was the intermediate among other land covers, with a similarity index between 0.400 and 0.600. These results suggested that on the one hand, land cover with the better vegetation cover or the better management had higher species richness, diversity and population density of the soil macro-arthropod community [10] , and the stronger the human unreasonable disturbance activities or the worse the natural conditions, the lower the species richness, diversity and population density of soil arthropod community [3] . On the other hand, there was a higher similarity in the soil arthropod community among land covers with better vegetation cover or management, there were greater differences in the properties of the soil arthropod community among land covers with stronger unreasonable human disturbance or more severe natural conditions. In addition, better vegetation cover and management were beneficial to balance the nutrition function structure in the soil arthropod community, whereas in contrast, rugged environments or stronger human distribution would break the balance of nutrition function structure in the soil arthropod community. Thus, protecting natural vegetation and reducing the distribution of unreasonable human activity is an effective way to maintain higher soil arthropod diversity and population numbers in Horqin Sand Land [5] . These results were in agreement with the results by Li et al [3] on 6 types of oasis land covers in northwest China. 
B. Changes in the Soil Arthropod Community in Land
Cover Conversion Processes Horqin Sand Land is located in the eastern farmingpastoral ecotone, northern China. Desertification developed rapidly due to the excessive removal of natural vegetation for fuel, overgrazing, and extensive cultivation of the natural grasslands in the last decades under the direction of the national wrong policy, as desertification areas have accounted for 57.8% of the total land area in the middle period of 1980's [5] . Combating desertification and achieving sustainable development is a major challenge in this area. To rehabilitate desertification lands and improve regional ecoenvironments, some successful measures have been implemented since then, including fencing enclosures to moving sand dunes and natural grasslands, planting indigenous trees in fixed sand dunes and natural grasslands, and developing irrigation farming [5] . These measures not only effectively prevented the desertification development, reducing the ratio of desertification areas in total land areas to 34% by the end of the 1990's, but also resulted in great changes to the land cover and biotic community [11] . Previous research have identified that vegetation cover and biomass increased significantly when land cover was converted from moving sand dunes to fixed sand dunes, or from dry farmlands to irrigation farmlands, as well as reforestation in natural grasslands and fixed sand dunes [4] . In the present study, species richness, diversity and population density increased by 125.0%, 19.9% and 400.0%, respectively, after land cover changed by fencing enclosure from moving sand dunes to fixed sand dunes, and by 25.0%, -3.1% and 136.4%, respectively, after land conversion from dry farmlands to irrigation farmlands. Reforestation in natural grassland as well as reforestation in fixed sand dunes resulted in 54.3%, 10.7% and 60.2%, as well as 11.1%, -1.4% and 25.0% decreases of species richness, diversity and population density, respectively. These results suggested that fencing enclosures and developing agricultural irrigation would facilitate the development of the soil arthropod community, but reforestation in natural grassland or in fixed sand dunes was not beneficial to the soil arthropod community in Horqin Sand Land. The reasons for this may be that fencing enclosures and irrigation can improve soil environments and increase feed sources for soil arthropods, and planting trees in natural grassland or fixed sand dunes would not be doing the environment any favors and would simply cause distribution to the soil arthropod community [3] . Thus, with regard to the soil arthropod community, forestation was not considered a good option, and fencing enclosures and developing irrigation was not only seen to be beneficial to control desertification, but also to facilitate soil arthropods in Horqin Sand Land [11] .
C. Analysis on the Cause of Soil Arthropod Community
Changes There were many factors affecting soil arthropods, such as soil environment, food resources, natural enemies, disease, human distribution and so on [10] . Soil arthropods were very sensitive to changes of food sources and soil environments because they have a smaller active scope and weaker migratory ability in soil [4] . The results of previous studies indicated that changes of soil arthropods had a close relationship to vegetation cover, biomass and litter, as well as the physical and chemical properties of soil [3] . Usually, species richness, diversity, population density and biomass had a positive correlation with vegetation cover and litter as well as soil organic matter and nutrients, and a negative correlation with soil temperature in the summer [2] . The sensitivity of most soil arthropods to soil moisture and pH was higher than that of arthropods above the ground, but the correlation was usually not significant, although soil arthropod richness, diversity and population density showed a positive correlation to soil moisture and pH within certain ranges [1] . In the present study, species richness, diversity and population density had positive correlations with soil clay-silt, soil organic carbon, total N and P, and soil pH, and had negative correlation with sand content, soil moisture and soil temperature. These correlation coefficients were not significant, except for soil temperature, organic carbon and total P. The results showed that although the change of soil arthropod community was closely related to changes in soil environments, with an increase of fine particles, soil organic carbon, soil nutrients and pH or a decrease of sand content, soil moisture and temperature, which were beneficial to the development of soil macro arthropods, changes of richness, diversity and population density for the soil macro arthropod community were mainly dependent on soil organic carbon, total P and soil temperature. This was in agreement with the results by Li et al [3] who performed a correlation analysis of soil arthropod properties with soil factors in different land covers. The soil macro-arthropod community controlled by soil properties in the conversion process of land cover was mainly as a result of three causes. Firstly, every species of soil arthropod has an adaptation tolerance to soil environments [4] . When soil properties were beneficial, most soil arthropods can facilitate an increase of soil arthropod richness and population density, and just a few soil arthropods with stronger tolerance survive and reproduce when soil environments worsen in the land cover conversion process [2] . Secondly, land cover patterns and distribution degrees of human activities to soil environments were significantly different in separate land covers, unfavorable land cover patterns or strong human distribution, which would result in the serious degradation of a soil environment which will limit the survival and reproduction of soil arthropods, or directly produce mechanical damage to soil arthropods, and even death [1] . Third, there are greater differences in the types and quantities of food resources to soil macro-arthropods in different land covers [9] . Better vegetation cover, diverse food types or higher plant biomasses will supply a bound diversiform of food to soil arthropod, which is beneficial for increasing soil arthropod diversity and population density [5] .
